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A.  Introduction 

i,sr*T of] tevelling  wave  ph“tOT 

microwave  fiber  optic  links.  It  was  first  proposed  by  Wu  iid  Itoh  in^m  \PnZdtuc  f°r  h!fh  perforaiance 
experimentally  [2,3],  *  ln  and  successfully  demonstrated 

B.  Objective 

applicationsaH  ITum  'ort^'0'’  *  “?h,p0Wer;  Photodetector  for  microwave  fiber  optic  link 

C.  Device  Principle  and  Structure 

The  schematic  structure  of  the  VMDP  is  illustrator!  in  Pim,«  i  a  +• 

mmcld  mtt  “ITT  «-  -  veloci* 
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Figure  1. 
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Photodetector 


The  cross  section  and  epitaxial  layers  structure  of  VMDP  i<?  «?hnwn  in  Fimrro  o  ah  •  1  ... 

It?iTm™SUl,“in8bInP  SUbSte“e'  The  ^  ‘ayerS  °f  ’ 46  P^iveTptical  wegdde^ 
SrSnG andH"  *“  *****  pra:ess  has >»»  discussed  related  publications 
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figure  2.  Cross :  Section  of  Velocity  Matched  Distributed  Photodetector  (VMDP).  The  Graded  Superlattice 

— - So ‘rmf5  Kms:  r:s 

heips  reduce  carriers  trapping  effect.  Figu^T  showSheStetd' dtpXof  tede'wcT^  SUper'ati“ 

•  Band  Diagram 


Figure  3.  Schematic  band  diagram  of  active  photodiode 


region 


D.  Result  and  Discussion 

Three  design  iterations  of  VMDP  have  been  fabricated  and  tested.  All  designs  share  the 
structure.  The  principle  of  operation  of  VMDP  has  been  discussed  in  detail  in  [f-3] 

Dl.  First  Generation  VMDP 


same  epitaxial  layer 


Dl.l  Objective 

hd-I^ong  °n  ‘°ng  Wavelen«,h  VMDP  is  mainly  demonstrate  the  capability  of 

terhnr»lr.mr  fi  S  ■  ^  serves  as  a  proof  of  concept  for  wafer  and  device  design  fabrication 

hnology,  failure  mechanism  study,  and  possible  improvement  for  future  design. 


D1.2  Approach 

connectedly  “XXXS  ?  1'  X  ^  *“». MSM  p“.  ^ally 

by  each  diode  is  collected  by  a  50Q  CPS  microwave  ^  •’  '  ridge  height.  Photocurrent  generated 
and  30  pm  spacing  *“*•  The  CPS  has  90  pm  wide  electrodes, 

defined  by  optical  lithography.  lngers  ave  pm  finger  width  and  1  pm  finger  spacing  are 


D1.3  Result  and  Discussion 

(VMDpTXeX^XZcr^,3,10^  T!'en8,h  '*******  distributed  photode.ec.or 
quantum  efficieXT«  3d«  »f  18  -d  an  external 

current,  limited  by  .henna!  damage  of  the  MSM  photodWe  resP°nsivi,y  up  to  12mA  DC 

very  lov^rk^metriT^pA  Itl^V  ^  T'^'T'  SinkS  teSti”S'  The  VMDP  exhibits 

long  VMDP  with  12  Phototols  TOe “/  mdmdual  photodmde  (11x48  pm2),  and  25  nA  for  the  1.2-mm- 
under  the  CPS  electrodef  h  n  f '  CmTent  m  ^  VMDP  is  ^“cd  to  the  leakage  current 

placing  the  electrodL  on  thin  dletari!”™  T"  T"  ^  aCtiVe  photodiodes-  This  can  be  eltoinated  by 
reflection  fA»Zri™  tu  Tlectnc'  extemal  I™*™  efficiency  is  measured  to  be  0.42  AAV  after  anti 

-  ■—  - » -  v&rs 

very  well  to  500  (withta  4S  for foe  J t  ,GHz' The  Semite  ^ance, of  tite  VMDP  is  matched 

characterized  by  opUTheterod™  meto  I  ^  reSponse  of  «“  VMDP  * 

optical  signals  are  combined  bv  a  3dB  co.mlL’  »  If”8  7a  eX‘?mal  cavlty  tunable  lasers  at  1.55  pm.  The 
output  microwave  is  collected  by  a  50-GHzpicoprobe (GOB  Wm  Vk®f 'through  a  fiber  pickup  head.  The 

meL"  freq“enCy  “  °f  *=  ™DP  -  ’-own  in 


(12  photodiodes,  total  length  =  1.2 


TheXXSfXePmechX  smtot  **%%*  *  *“  “»  «“  *  *>und  »  M- 


'  VMD“L"h  T^TSm  leading  ,0  da"^  “  Abased 

failure  mechanism  is  due  to  Schottkl T™”  «”>“■“»“<*»>  thus  suggesting  the  main 

than  avalanche  breakdown  ImpSr*e  rMffirsiT!,  ““T  “d f!ated  thermal  feedback  rather 

photocun-ent  tmprovmg  the  dtfluston  bamer  of  the  Schottky  contact  should  lead  to  higher 


D2.  Second  Generation  VMDP 


D2.1  Objective 

external  quantum  efficiency  by  reducfng  coupling  loss  ^ from  t0  acljlieve  higher  saturation  photocurrent,  increase 

y  oy  reaucing  coupling  loss  from  optical  waveguide  to  active  MSM  photodiode. 

D2.2  Approach 

red^^l^g  1  *  T  ^  ^  *“««  <*>  ™dd>  reduction 

(2)  nitride  passivation  on  mesa  sidewall  Ld  uSlea*  S (MSM)  photodiodes; 
improve  device  reliability  and  (33  the  use  of  nl «ti  •  J  T8  iCPS  mGta  contacts  to  reduce  dark  current  and 
high  power  operation  ™  of  platinum  in  Schottky  metal  contacts  to  prevent  gold  diffusion  at 

D2.3  Result  and  Discussion 

D2.4  Split  Contacts  Structure 

distribution  dong°Ure  VMDP.  Figured  shoTO^topview  sdiematic^ of  the  split^ontact  tes  rshucmre.^0100111™1 
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.  Figure  5.  Top  view  schematic  of  split-contact  VMDP  ~  - - 

width  is  90  tun  und  I  „ K  !  g  °P“Ca' ndge  waveguide  »  3  pm  wide,  and  CPS  metal  strip 

A/W  per  diode.  However  we  observaJ  that1PS  t^fru  l|!c“re,lcal  d^cuiation,  we  expect  a  responsivity  of  0.1 
of  0.25  A/W.  Compare  to  the  standard  VMDPwith  mutinuoScrel^h  w6,®"*  diode'.with,a  responsivity 
indicates  more  than  50%  of  current  is  genemted  by  the  first  diode.  From  the  ex,SZl  flndhg^Bm 


ap“h  "sto  e“h  pfo^iS  fsU^r  ^aT^^tgufdfnr0^ 

D3.  Third  Generation  VMDP 
D3.1  Objective 

The  third  iteration  of  VMDP  mainly  focuses  on  achieving  bandwidth  beyond  20GHz. 

D3.2  Approach 

AlftoujTB^LuMofS.  ££££  !*?  dec,™;be“  «•.<—  <«  -h-ve  higher  bandwidth. 

™^cr™e4e'^rdL*llSster  to ^ f  en‘|r;;ly  on*^ ^voTbrZka^ff Eingtrs 
for  submicron  MSM  photodiode  pnnclpIe’  translt  ,lme  hmted  bandwidth  in  excess  of  100GHz  is  expected 

D3.3  Result  and  Discussion 

7th  SUbmicr0n  MSM  «■*»  »f« 0-3  nm  finger 
measurements  show  very  good  50  Ohm  mftrh  T*  be&m  Writing  at  ComelL  S-parameter 

that  device  bandwidth  is^vell  bellow  10  GH^wTT’  frequency  resPonse  measurement  shows 

ultrashort  pulse  from  a  mode-loched  fiber  laser.  Figu^  - 
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Figure  6.  Schematic  of  the  pulse 
40MHz  repetition  rate,  wavelength  at 


50GHz  Digital 
Sampling 
Oscilloscope 
(DSO) 


■f 

VMDP 


TtT 


Trigger 


t 


Reference 

Photodiode 


response  measurement  setup.  The  fiber  laser 
1.55  um. 


emits  160fs  pulses  at 


and  mlhtc  SCdlSe  he^ob”^”0115  ““  “* illumina,ion  c0"diti°"s  •»  *wn  in  Figures  7a 
Pulse  gets  broaden  as  optical  power  increases,  probably  due  to  saturation 
evice  is  las  dependent.  At  higher  bias,  pulse  width  is  smaller  and  the  long  tail  is  better  suppressed. 


ND  Filter  =  2.4 
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Figure  7a.  Pulse  response  of  VMDP  (indude  cable,  bias  T,  and  probe)  a.  different  bias  voltages. 


with  ND 


ND  Filter  =  1 


Fifntre  7b.  Pulse  response  of  VMDP  (include  cable,  bias  T,  and  probe)  a.  different  bias  voltages,  with  ND 


^  ^  ‘ike,y  10  ta  h°,e  ^  cau  easily” overcome 


fingers  omlap  °  Fi^_8 shorn a^heSconh  ^  ^  deCtriC  field  regi°n  where  the  MSM 
&  y  igure  6  snows  a  schematic  of  the  top  view  of  one  section  nfvunD  ^ru  i 
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Figure  8.  Schematic  of  a  section  of  VMDP  from  top  view.  The  high  field  region  is  where  the  fingers  overlap 

with*1 submicrif  mITT  *"°  reaSOm  Iisted  above’ we  <° 

ia^er  finge/overlappitj fT8  00  Wafer  <n0  mesa>' 

make  sure  not  to  ilhiminate  ouUi.de  th™ion^  ,h«  n  fm?r  overlaP  re8ion  »  ^  we  can 

planned  to  fabricate  the  single  device  on  K  a”  c™s  generated  should  be  under  high  field.  We 
grown  by  MOCVD  and  th/buffer  l*  ^  different  wafers  from  TRW,  Lucent,  and  EPI.  The  EPI  wafer  was 

graded,  which  should  reduce  Ae  c^rief 7  * ^ Sch°ttky  barrier  layer  is  Nearly 

hairier  enhancement  layer  by  wet  etching  to  reduce  cairier  trapping!  ^  1,16  I"A1As  Schottk5' 


D3.4  Single  MSM  Photodetector 

Figured  hEBL10°  decto"  ™«ng  machine  at  UCLA, 

and  contact  metal  pads' X  7Z?*  ^  *■" 

-id  T 

600A  An.  P  defmed  USlng  standard  liftoff-  ™*al  thickness  of  1 OOA  TO 


15  um 


fing«  owriap8011"”1"8  EleCtt°”  MiCr08raph  (SEM>  of  a  single  MSMPD, 


with  600nm  finger  pitch  and  15um 


^  ”  “  I“  ^  -  *  -  VMDP. 
and  40um  long.  The  Anger  pitch  (include  Anger  widthTnd  &TZ  °Ver1?’'  The  contact  pad  is  30um  wide 
output  160fs  pulses  at  40MHz  repetition  rate  at  1  ssnm  ?  Cmjf  ctween  ^ln§ers)  *s  600nm.  The  fiber  laser 
vary  the  optical  power  input  to  the  MSMPD  A  r  Waveenfh‘  A  set  of  neutral  density  filters  was  used  to 
the  MSMPD  through  a  dfspe :  sion  sS  L  fihlf  7^  7  Signal  int°  tW0  Paths:  one  *  coupled  to 
50GHz  digital  sampling  7  77 18  fed  t0  3  reference  P^todiode  to  trigger  the 

the  finger  overlapping  region.  The  pulse  respo^ofa^i^e  MSMPD  7  !°  *7™*  0nly  inside 

optical  power  is  shown  in  Figure  10a  and  lOh  8  •  ,7  ,  (TRW  wafer)  under  various  bias  and 

The  pulse  width  is  about  the^e  aJ  S  a  45ch7  ^  7^  **  °f  device’  bias'T’  cable  *>d  P-obe. 
cable.  Compare  to  the  large  mesa  VMDP  the  single  MSMPD  ^  1S  connected  with  the  bias-T  and 

The  pulse  width  is  within  the  limit  of  the  m^mernS  instZenfs  1681)01186  "  ***  "*  ta  n°  l0ng  taiL 
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Figure  10b.  Pulse  response  of  a 
voltages,  with  ND  filter  =  1 .0 


single  MSMPD  (include  cable, 


bias  T,  and 


probe)  at  different  bias 


~  r?  KS,ed  Sing,e  MSMPD-  “d  «« the  long  tail 

generated  outside  the  high  field  region  where  the  MSM  ^  d“  *°  S'°W  dlffllsio”  °f carriers 

E.  Conclusion  and  Future  Direction 

We  have  successfully  fabricated  and  tested  3  generations  of  VMDP  r™ t™ii  ^ 
con.0,  CPS  shucurre  indicate  ntos,  current  generafed  S  StnTS *  £ 
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